Abstract-The introduction of rhizobacteria to the soil can be done via treatment of propagating materials. The aim of this work was to evaluate in greenhouse the influence of immersion periods of micropropagated 'Prata-Anã' banana seedling roots in suspension of different rhizobacterial isolates on the growth of seedlings and control of Meloidogyne javanica. The experiment was set up in greenhouse in a randomized block design in a 10 x 2 factorial scheme (rhizobacteria isolates) x (immersion periods: 60 and 120 minutes) with 10 replicates. The additional treatment (control) was composed of seedlings without any treatment infected with M. javanica. Treated seedlings were planted in pots containing soil: previously autoclaved sand. After twenty-four hours, suspension containing 3,000 M. javanica eggs was added to the soil. At 60 days, number of galls, egg mass and eggs per root system, number of second-stage juveniles (J2) per 100 cm 3 of soil were evaluated and the reproduction factor was calculated. Shoot dry matter mass was also evaluated. Of the four rhizobacteria that reduced the reproductive capacity of the nematode, three were more efficient when seedlings were treated for 120 minutes. The treatment period of banana seedlings did not affect the shoot dry matter yield and all rhizobacteria increased the dry matter weight of seedlings infected with Meloidogyne javanica. It could be concluded that rhizobacteria have different treatment time requirements for seedlings to control the nematode, but do not interfere with the development of seedlings.
Introduction
The planting of micropropagated banana seedlings is an excellent strategy in the cultivation system. They exhibit genetic uniformity (ALVES et al., 2004) and absence of insects and pathogens such as Fusarium oxysporum f. sp. cubense, which causes Panama Disease and plant parasitic nematodes such as Radopholus similis and species of the genus Meloidogyne. Such pathogens may be limiting to cultivation. Seedlings produced from tissue culture may, however, be more susceptible to fungi and nematodes when transplanted to the field than seedlings produced in the traditional manner, in view of the elimination of the beneficial microbiota associated with traditional seedlings (LAZAROVITS; NOWAK, 1997) . Therefore, a possible strategy to minimize such problems is the use of rhizobacteria in the treatment of roots of micropropagated seedlings. This strategy can reduce the population of some pathogens that parasitize the plant root system, such as phytonematodes, and also increase the development of plants.
Rhizobacteria have several mechanisms of biological control and increase in the development of plants, such as the production of growth hormones, siderophores and antibiotics. These bacteria have an additional advantage over other soil microorganisms, as they are widely distributed in the rhizosphere, which confirms their ability to establish themselves in relation to other microorganisms. Most rhizobacteria belong to genera Pseudomonas and Bacillus. Bacteria of the genus Bacillus also have favorable characteristics for inoculant production, since they produce endospores that are spores highly resistant to extremes of temperature, radiation, chemical agents and time and have long shelf life (LIU et al., 2016) . The development of micropropagated eucalyptus, kiwi and potato seedlings and control of nematodes have been obtained by the application of rhizobacteria (MAFIA et al., 2009; ERTURK et al., 2010 , TKACHENKO et al., 2017 , XIANG et al., 2017 .
The literature shows a variation regarding the time of treatment of seedlings with rhizobacteria in the control of phytopathogens and the promotion of plant development. As an example, it was observed that immersion of bean and cowpea seeds in bacterial suspensions of Bacillus spp. for 48 hours provided increased plant growth and control of M. javanica (DAWAR et al., 2008) . Souza Júnior et al. (2010) found that immersion of rice seeds for 30 minutes under agitation in bacterial suspensions of rhizobacteria isolated from rice cultivation also promoted plant growth and control of M. graminicola. In another study, the selection of 45 rhizobacteria isolates was carried out in greenhouse recorded 10 isolates that stood out in the control of M. javanica and Panama Disease by treating seedlings for 5 minutes (Ribeiro et al., 2012) . It is believed that with longer contact time between bacteria and the root system, rhizosphere colonization may be more efficient.
Thus, the aim of this work was to evaluate the influence of immersion periods of micropropagated seedling roots of 'Prata-Anã' banana in suspension of rhizobacteria isolates on seedling growth and control of M. javanica.
Material and Methods
The experiment was conducted in the laboratory. Ten rhizobacteria isolates from 'Prata-Anã' banana trees from different municipalities in northern Minas Gerais were used. Bacteria were identified by the fatty acid profile test by gas chromatography (SANHUEZA; MELO, 2007) at the Laboratory of Environmental Microbiology -National Center for Environmental Research of the Brazilian Agricultural Research Corporation (Embrapa). Bacteria kept in TSA medium (Trypic-Soy-Agar) at -4°C (MARIANO et al., 2000) were subcultured into Petri dishes containing TSA medium and incubated at 28°C for 48 hours. Subsequently, in a laminar flow chamber, they were subcultured with a platinum loop into erlenmeyers containing 100 mL of Trypic Soy Broth (TSB) medium, being taken to the orbital shaker where they remained for 48 hours at 28°C under constant stirring at 150 rpm. After this period, cultures were centrifuged at 10,000 rpm for 15 minutes and the supernatant was discarded. Then, saline (0.85% NaCl) was added to bacterial cells retained at the bottom of each tube and the suspension obtained was calibrated in spectrophotometer for OD 540 = 0.5 absorbance.
'Prata-Anã' banana seedlings produced 30 days after cultivation in rooting medium (completely rooted with three leaves released and at least five centimeters high) from the Laboratory of Biotechnology in the sixth subculture, had their root systems washed in water. Seedlings were then transferred to erlenmeyers containing bacterial suspension calibrated to A 540 = 0.5 and submitted to constant stirring at 200 rpm for two periods (60 and 120 minutes). They were then transferred to tubes containing Plantmax® substrate where they remained for 30 days in a nursery with controlled irrigation and sombrite. After the acclimatization phase, they were transplanted to 3 L plastic vessels containing substrate composed of soil: sand (2: 1) autoclaved for three consecutive days. The assay was assembled in greenhouse in a randomized block design in the following factorial scheme: 10 (rhizobacteria isolates) x 2 (immersion periods) with nine replicates. Control (additional treatments) was composed of plants not inoculated with rhizobacteria and inoculated with M. javanica. Irrigation was performed manually, according to the water requirement.
After 60 days, shoot dry matter weight (pseudostalk + leaves) was evaluated. For that, the shoot was cut at the height of the plant colon, dried in oven under forced ventilation at 65 ºC for 72 hours and then weighed in analytical scale. For the nematological evaluations, the root system was removed and washed in water. Next, egg masses of nematodes in the root systems were stained with floxin B (TAYLOR; SASSER, 1978) . After staining, the number of egg masses and galls per root system were quantified. For quantification of the number of eggs, extraction was performed according to the Hussey and Barker (1973) technique modified by Boneti and Ferraz (1981) . In an inverted objective optical microscope, the number of M. javanica eggs per root system was quantified. The number of second-stage juveniles (J 2 ) per 100 cm³ of soil was evaluated after soil extraction by means of the Jenkins technique (1964). The reproduction factor (RF) was obtained by means of the formula RF = Pf / Pi, where Pf is the number of eggs at 60 days and Pi the number of eggs used in soil infestation.
The results were submitted to analysis of variance by the Sisvar software (FERREIRA, 2011) and the means compared by the Scott-Knott test at 5% probability. The control mean was compared with the other treatments by the Dunnett test at 5% probability.
Results and Discussion
The shoot dry matter mass was influenced by the interaction between bacterial isolates and immersion periods (p≤0.05). All rhizobacteria increased the dry matter weight in relation to control and did not differ from each other. The increase ranged from 16.88% (B. pumilus-60) to 25.58% (B. pumilus-1) ( Table 1 ). This demonstrates that increasing contact time between bacteria and roots is important for plant development. Several authors have verified promotion of plant growth, such as cotton with different species of Bacillus (Xiang et al., 2017) , eucalyptus with B. subtilis (MAFIA et al., 2009) , onion with Pseudomonas spp. and B. cereus (HARTHMANN et al., 2009) , kiwi with Bacillus, B. simplex and Comamonas acidovorans (ERTURK et al., 2010) .
Greater development of plants by Bacillus spp. may be due, in part, to the production of plant phytoregulators (ARAÚJO et al., 2005) . Rhizobacteria are capable of synthesizing substances such as gibberellins and indoleacetic acid in vitro and in the rhizosphere of plants. Khalmi et al. (2017) observed that the application of five rhizobacteria isolates producing AIA in soybean increased plant growth rate, leaf size, leaf chlorophyll content, root and shoot dry matter weight and number of pods per plant compared to uninoculated plants. In addition to hormones, some rhizobacteria are phosphate solubilizers and nitrogen fixers (ZAHID et al., 2015) .
Regarding the period of root immersion in the rhizobacteria suspension, it was verified that, regardless of isolate, both treatment periods of roots promoted higher shoot dry matter weight when compared to control (Table   2 ). There are no studies comparing different time periods in the microbiolization of banana seedlings.
There was a significant effect of rhizobacteria applied to roots at different times on the number of galls, egg masses, eggs, J2, RF as compared to control (Table  3, Table 4 ). In the 120-minute period, the reduction in the number of galls provided by P. lentimorbus-69 was 61.33% in relation to control and at 60 minutes, the same bacterium promoted reduction of 55.52% in relation to control (Table 3) . It was verified that B. pumilus-1, B. pumilus-10, B. pumilus-76, P. lentimorbus-17 and P. lentimorbus-69 bacteria reduced the number of galls per root system, in the time of 120 minutes, in relation to the other bacteria. However, in the 60-minute time period, B. pumilus-1 and P. lentimorbus-69 bacteria presented higher number of galls when compared to the others ( Table  3) . There was a significant interaction between bacterial isolates and time periods for the following variables: number of galls, number of egg masses, number of eggs per root system, number of J2 of M. javanica per 100 cm 3 of soil and reproduction factor. By fixing factor isolates, it was observed that P. lentimorbus-69 and B. pumilus-1 bacteria promoted lower number of galls when seedling roots were immersed for 120 minutes. The reduction caused by P. lentimorbus-69 was 55.5% in relation to immersion of seedlings in the suspension of the same bacterium for 60 minutes. P. lentimorbus-24 reduced the same variable by 27.8% when root immersion lasted 60 minutes (Table 3) .
All isolates differed from control and reduced the number of egg masses per root system in both periods. At the 120-minute immersion time, P. lentimorbus-69 and B. pumillus-1 bacteria showed reduction of 73% and 69.93% in relation to control. In the 60-minute time period, reduction of 70.98% and 65.90% was observed for P. lentimorbus-69 and P. lentimorbus-17 bacteria, respectively, relative to control (Table 3 ). In the comparison among isolates in the 120-minute time period, P. lentimorbus-17, P. lentimorbus-69, B. pumilus-1 and Bacillus sp.-36 bacteria caused fewer egg masses per root system. In the 60-minute time period, P. lentimorbus -69, B. pumilus-76, P. lentimorbus 17, Bacillus sp.-36, B. subtilis 34, B. pumilus-3 and B. pumilus-60 were those that promoted smaller number of this variable when compared to the other isolates. In the period of time within each isolate, it was observed that there was no significant effect of the immersion period of seedlings, except for P. lentimorbus-69, which reduced the number of egg masses by 44.3% when seedlings were immersed for 120 minutes compared to the 60-minute time period (Table 3) .
In relation to the number of eggs per root system, it was observed that in the 120-minute time period, B. pumilus-76, B. subtilis-34 and P. lentimorbus-69 bacteria reduced in 60.33%, 59.96% and 56.27% in relation to control. These bacteria also reduced the number of eggs when compared to other bacteria. In the 60-minute immersion period, B. pumilus-76 reduced the number of eggs by 48.15% compared to control and also differed from the other bacteria (Table 4 B. subtilis-34, P. lentimorbus-69, B. pumilus-10 , reduced the reproduction factor when seedlings were immersed in bacterial suspensions for 120 minutes, with reductions of 41.8%, 43% and 28.20%, respectively. However, Bacillus sp.-36, B. pumilus-3 and P. lentimorbus-24 reduced the reproduction factor in the 60-minute immersion period (Table 4) .
Considering the reproductive capacity of M. javanica represented by variable RF, it was observed that among the four bacteria that reduced this variable in relation to control, P. lentimorbus-69, B. pumilus-10 and B. subtilis-34, with 120-minute immersion time, stood out in the control of M. javanica. The control of several Meloidogyne species with different rhizobacteria species have been reported by several authors (DAWAR et al., 2008 , LEE and KIM, 2015 , CHINEYE et al., 2017 . The control of nematodes by rhizobacteria can be explained by the direct action of these bacteria on the M. javanica population through the production of antibiotics and toxic metabolites or by the indirect action through the modification of root exudates, affecting the development of each stage of the nematode life cycle (LUDWIG et al., 2013) .
Regarding the effect of the immersion time of seedlings on the bacterial suspension, it was observed that in general, within 120 minutes, there was greater reduction of almost all variables. This can be explained by the longer contact time of roots with the bacterial cells, which may have increased the number of cells adhered to the roots and, thus, higher production of antibiotics and metabolites that have effect on M. javanica. In the work of Ribeiro et al. (2012) in which seedlings were treated for 5 minutes with the same bacteria, there was no reduction in the number of egg masses, eggs and RF, demonstrating the need for longer immersion period.
In this work, variable results among isolates of the same species in the control of M. javanica were observed. This fact can be explained by the occurrence of intraspecific variability. It is important to point out that the isolates tested were from 'Prata-Anã' banana tree rhizosphere from different municipalities in northern Minas Gerais. According to Schloter et al. (2000) , several factors may influence intraspecific diversity, such as spatial separation, environmental differences, and host-bacterial interactions. Similar results were obtained by Oliveira et al. (2007) , who observed that a few B. pumilus isolates reduced the number of galls and M. exigua eggs in relation to control, while others did not. Likewise, Carvalho et al. (2009) verified that some B. pumilus isolates increased the length of wheat coleoptile and others did not. Xiang et al. (2017) verified variability among different isolates of several Bacillus species on the in vitro mortality of M. incognita juveniles and on the number of egg masses of the nematode and cotton height and biomass under greenhouse conditions. Intraspecific variability has been found in bacteria (JONGHE et al., 2007; MANZANO et al., 2009 ). Averages followed by the same letter do not differ from each other by the F test at 5%.* Significant by the Dunnett test at 5% probability, in the column, for control. Means followed by the same lowercase letter in the column do not differ from one another by the Scott-Knott test (1974) and averages followed by the same capital letter on the row (within the same variable) do not differ significantly from each other by the 5% F-test. * Significant by the Dunnett test at 5% probability in the column for control. ** Significant interaction between bacterial isolates and time periods. Means followed by the same lowercase letter in the column do not differ from one another by the Scott-Knott test (1974) and averages followed by the same capital letter on the row (within the same variable) do not differ significantly from each other by the 5% F-test. * Significant by the Dunnett test at 5% probability, in the column, for control. ** Significant interaction between factors, bacterial isolates and time periods.
Conclusions
All rhizobacteria increased the dry matter weight of 'Prata-Anã' banana seedlings infected with Meloidogyne javanica.
The time of treatment by rhizobacteria of banana seedlings infected by M. javanica did not affect shoot dry matter production.
Bacteria B. pumilus -10, Bacillus sp.-34, P. lentimorbus-69 reduced the reproduction of M. javanica in 'Prata-Anã' banana plants treated for 120 minutes.
Bacillus sp.-36 reduced the reproduction of M. javanica in 'Prata-Anã' banana plants treated for 60 minutes.
